Abstract The greenhouse gas inventory of the European Communities and its estimation of the uncertainty is built from 15 individual and independent greenhouse gas inventories. This presents a particular challenge and is possible only if homogeneous information is available for all member states and if a proper evaluation of correlation between member states is performed. To this end, we present a methodology that estimates a quantitative measure for the aggregated Tier-level as well as the uncertainty for the main categories in the agriculture sector. In contrast to the approach suggested in the IPCC guidelines, which uses uncertainty estimates for activity data and emissions factors for each source category, the method presented uses quantitative information from individual parameters used in the inventory calculations, in combination with a well defined procedure to aggregate the information. Not surprisingly, N 2 O emissions from agricultural soils are found to dominate the uncertainty. The results demonstrate the importance of correlation, if uncertainties are combined for the whole of Europe. The biggest challenge seems to be to conceptually harmonize the uncertainty estimates for the activity data (which tend to be underestimated) and emission factors (which tend to be overestimated).
Introduction
The use of a robust methodology to estimate the uncertainty in national greenhouse gas (GHG) inventories is becoming increasingly important as the role of the A. Leip European Commission Joint Research Centre, Institute for Environment and Sustainability, Ispra, Italy A. Leip (B) John Research Center, Climate Change Unit T.P. 290, Via E. Fermi, 21027, Ispra, VA, Italy e-mail: adrian.leip@jrc.ec.europa.eu uncertainty estimates increases. In the past, the main purpose of uncertainty assessment (UA) was to prioritize future investments for the improvement of the national GHG inventory. Thus it was used to rank the source categories accordingly to obtain better data. Furthermore there is particular academic interest in comparing GHG inventory uncertainties across countries (e.g., Keizer et al. 2007; Monni et al. 2004; Rypdal and Winiwarter 2001) , or the results of different methodologies used in the UA (e.g., Olsthoorn and Pielaat 2003; Ramiréz et al. 2006; Winiwarter 2007) . It is now recognized that uncertainty estimates will be used to prove the achievement of GHG reduction commitments (Jonas et al. 2007; Monni et al. 2007; Nahorski et al. 2007) or to play a critical role in deciding on reduction projects (e.g., Grassi et al. 2008 ). Yet, while the quality of the GHG inventories has significantly improved in the last few years and is now generally accepted to be of comparable standard and quality (Leip et al. 2005) , the estimates of the uncertainty are far from being comparable and are spread over a large quality range.
While there are several comparative studies on UA in GHG inventories, they are mainly in the framework of an improvement of national approach for UA (see, e.g., Winiwarter (2007) (2003) for the United Kingdom). In this paper we present a compilation of uncertainty estimates of member states of the European Union (EU) for the agriculture sector. The European Commission (EC) is the only regional economically integrated organization that has joined the United Nations Framework Convention on Climate Change (UNFCCC) as a party and has thus the same reporting obligations. However, while data for GHG emissions and estimates for the relative uncertainty of activity data and emission factors were taken from the national GHG inventories of the respective member states, a common approach was applied to calculate sectoral and sub-sectoral uncertainty of the emissions. Additionally, we calculated the aggregated uncertainty for the 15 member states of the EU (EU15) which are part of the 'European bubble ' (see EEA 2008 ' (see EEA , 2009 ). For the EC inventory, uncorrelated emission estimates of the individual countries reduce the level of uncertainty. It is thus important to make assumptions on the level of correlation between member states' emission estimates. We developed an approach that bases the degree of correlation between member states on the Tier level of the national emission inventories, being a further development of the approach already used in earlier EC GHG inventories (see EEA 2007). The term "Tier level" is used in analogy to the IPCC (2000) definition to describe the methodology used. The idea is that the higher the Tier level of the emission estimates, the higher the influence of national information on the emission calculations, and the smaller the degree of correlation among member states. Thus a correlationmatrix is obtained which is used for both an extended Tier 1 for uncertainty (simple error propagation with consideration of correlations) and a Tier 2 (Monte Carlo).
In the following I develop the methodology and show the results for the most recent EC inventory of the year 2008. I then identify necessary improvements to the UA and discuss some critical aspects such as likely over-or underestimation of uncertainties in inventory-input data and possible ways to achieve UAs of comparable content and quality for EU member states.
